Let G = (V(G), E(G)) be a connected graph. For integers j ≥ k, L( j, k)-labeling of a graph G is an integer labeling of the vertices in V such that adjacent vertices receive integers which differ by at least j and vertices which are at distance two apart receive labels which differ by at least k. In this paper we discuss L(2, 1)-labeling (or distance two labeling) in the context of some graph operations.
which is defined as follows. Definition 1.5 For a graph G, L(2, 1)-labeling (or distance two labeling) with span k is a function f : V(G) −→ {0, 1, . . . , k} such that the following conditions are satisfied:
In otherwords the L(2, 1)-labeling of a graph is an abstraction of assigning integer frequencies to radio transmitters such that (1) Transmitters that are one unit of distance apart receive frequencies that differ by at least two and (2) Transmitters that are two units of distance apart receive frequencies that differ by at least one. The span of f is the largest number in f (V). The minimum span taken over all L(2, 1)-labeling of G, denoted as λ(G) is called the λ-number of G. The minimum label in L(2, 1)-labeling of G is assumed to be 0. Definition 1.6 An injective L(2, 1)-labeling is called an L (2, 1)-labeling and the minimum span taken over all such L (2, 1)-labeling is called λ -number of the graph.
The L(2, 1)-labeling has been extensively studied in the recent past by many researchers (Georges, J., 1995, p.141-159) , (Georges, J.P., 2001, p.28-35) , (Georges, J., 1996, p.47-57) , (Georges, J., 1994, p.103-111) , (Liu. D., 1997, p.13-22) , (Shao. Z., 2005, p.668-671) . Practically it is observed that the interference might go beyond two levels. This observation motivated (Chartrand. G., 2001, p.77-85) to introduce the concept of radio labeling which is the extension of L(2, 1)-labeling when the interference is beyond two levels to the largest possible -the diameter of G. We investigate three results corresponding to L(2, 1)-labeling and L (2, 1)-labeling each.
Main Results
Theorem 2.1 Let C n be the graph obtained by duplicating all the vertices of the cycle C n at a time then λ(C n ) = 7. (where n > 3)
Proof: Let v 1 , v 2 , . . . , v n be the duplicated vertices corresponding to v 1 , v 2 , . . . , v n of cycle C n .
To define f : V(C n ) −→ N {0}, we consider following four cases.
Case 1: n ≡ 0(mod 3) (where n > 5)
We label the vertices as follows.
Case 4: n = 4, 5
These cases are to be dealt separately. The L(2, 1)-labeling for the graphs obtained by duplicating all the vertices at a time in the cycle C n when n = 4, 5 are as shown in Fig 1 Thus in all the possibilities R f = {0, 1, 2 . . . , 7} ⊂ N {0}.
Remark The L(2, 1)-labeling for the graph obtained by duplicating all the vertices of the cycle C 3 is shown in Fig 2 Thus R f = {0, 1, 2 . . . , 6} ⊂ N {0}.
i.e. λ(C 3 ) = 6. Illustration 2.2 Consider the graph C 6 and duplicate all the vertices at a time. The L(2, 1)-labeling is as shown in Fig 3. Theorem 2.3 Let C n be the graph obtained by duplicating all the vertices at a time of the cycle C n then λ (C n ) = p − 1, where p is the total number vertices in C n (where n > 3).
To define f : V(C n ) −→ N {0}, we consider following two cases.
Now label the vertices of C n using the above defined pattern we have Thus R f = {0, 1, 2 . . . , 6} ⊂ N {0}.
i.e. λ (C 3 ) = 6.
Illustration 2.4 Consider the graph C 6 and duplicating all the vertices at a time. The L (2, 1)-labeling is as shown in Fig  6. Theorem 2.5 Let C n be the graph obtained by taking arbitrary supersubdivision of each edge of cycle C n then
where v k is a vertex with label 2, s is number of subdivision between v k−2 and v k−1 , t is number of subdivision between v k−1 and v k , r is number of subdivision between v k and v k+1 , Δ is the maximum degree of C n .
Proof: Let v 1 , v 2 , . . . , v n be the vertices of cycle C n . Let C n be the graph obtained by arbitrary super subdivision of cycle C n . N(v i 
It is obvious
Case 1: C n is even cycle
If P i j is the number of supersubdivisions between v i and v j then for the vertex v 1 , |N(v 1 )| = P 12 + P n1 . Without loss of generality we assume that v 1 is the vertex with maximum degree i.e. d(v 1 ) = Δ. suppose u 1 , u 2 .....u Δ be the members of N(v 1 ). We label the vertices of N(v 1 ) as follows.
As N(v 1 ) N(v 3 ) = φ then it is possible to label the vertices of N(v 3 ) using the vertex labels of the members of N(v 1 ) in accordance with the requirement for L(2, 1)-labeling. Extending this argument recursively upto N(v n−1 ) it is possible to label all the vertices of C n using the distinct numbers between 0 and Δ + 2.
i.e. R f = {0, 1, 2, . . . , Δ + 2} ⊂ N {0}
Consequently λ(C n ) = Δ + 2.
Case 2: C n is odd cycle Let v 1 , v 2 , . . . , v n be the vertices of cycle C n .
Without loss of generality we assume that v 1 is a vertex with maximum degree and v k be the vertex with minimum degree.
Define f (v k ) = 2 and label the remaining vertices alternatively with labels 0 and 1 such that f (v 1 ) = 0. Then either 
Illustration 2.6 Consider the graph C 8 . The L(2, 1)-labeling of C 8 is shown in Fig 7. Theorem 2.7 Let G be the graph obtained by taking arbitrary supersubdivision of each edge of graph G with number of vertices n ≥ 3 then λ (G ) = p − 1, where p is the total number of vertices in G .
Proof: Let v 1 , v 2 , . . . , v n be the vertices of any connected graph G and let G be the graph obtained by taking arbitrary supersubdivision of G. Let u k be the vertices which are used for arbitrary supersubdivision of the edge v i v j where 1 ≤ i ≤ n, 1 ≤ j ≤ n and i < j
Here k is a total number of vertices used for arbitrary supersubdivision.
Now we label the vertices u i in the following order.
First we label the vertices between v 1 and v 1+ j , 1 ≤ j ≤ n then following the same procedure for v 2 , v 3 ,..
Now label the vertices of G using the above defined pattern we have R f = {0, 1, 2, . . . , p − 1} ⊂ N {0} 
